SUPPLEMENTARY METHODS
on Ignition (LOI) profile of reference core 372740-3 from the Gotland Deep (Lougheed et al., 2012) . A total of 29 peaks and troughs were identified as tie-points between the records (Fig.  DR1 ). The age model for 372740-3 itself was constructed on the basis of two Pb pollution features identified in a neighboring core (370530-5), and 10 paleomagnetic secular variation (PSV) features in a stack combining 370530-5 and a third core, 370540-6 (the tuning of 370530-5 and 370540-6 to 372740-3 is straightforward and described in Lougheed et al., 2012) . The depths of the 12 features used in the construction of the age model for 372740-3 are shown in Fig. DR1 . Linear interpolation was applied between all dating points. The gravity core profiles of LL19 and F80 were realigned to the depth scale of 372740-3 and each depth interval was allotted a date on the basis of the age vs. depth scale of 372740-3 (available at http://doi.pangaea.de/10.1594/PANGAEA.782640). Linear interpolation was applied between the oldest 210 Pb date and the youngest feature in the PSV/Pb chronology (Fig.  DR2) . The age models were extended below the depth of the oldest PSV/Pb feature assuming continuation of the sedimentation rates in the overlying interval (Fig. DR2) . 
Resin embedding and LA-ICP-MS
High resolution elemental profiles of selected core sections were generated by Laser Ablation -Inductively Coupled Plasma -Mass Spectrometry (LA-ICP-MS) line scanning of epoxy-embedded sediment blocks (Jilbert et al., 2008) . The blocks were taken from selected sections of the LL19 gravity core and from a multi-core sub-core from site BY15. A 193 nm Excimer laser beam (repetition rate 10 Hz, energy density 8 J cm -2 , spot size Ø120 µm) was focused onto the polished sample surface, and ablated material was transported by He-Ar carrier gas to a Thermo Element 2 high mass resolution ICP-MS. The sample stage was then set in steady motion at 0.0275 mm/s, perpendicular to the plane of sediment lamination, to produce a continuous flow of material to the ICP-MS. The combination of stage speed and measurement frequency (2 Hz) yields a theoretical vertical data resolution of 13.75 µm, although in reality the resolution is limited by the spot size of the laser beam (Ø120 µm (Fig. DR3 ).
LA-ICP-MS data calibration
Raw Laser Ablation (LA)-ICP-MS count data for Molybdenum (Mo) and Aluminium (Al) were converted to the Mo/Al values reported in the main article by a two-stage calibration procedure. Firstly, the raw counts of isotopes 98 Mo and 27 Al were corrected for background values in the carrier gas, the sensitivity of each element under LA-ICP-MS (as measured in the glass standard NIST610), and the abundances of each isotope as a proportion of the total naturally occurring isotopes of each element (Eq. DR1): Al, respectively, as a proportion of the total naturally occurring isotopes of Mo and Al (note that A 27Al = 100).
In the second stage of the calibration procedure, Mo/Al LA values for a given depth interval were regressed against the equivalent ICP-OES-derived discrete sample Mo/Al values. This treatment was applied to correct for potential artifacts introduced by the use of a non-matrix matched standard (i.e., glass) in determining the sensitivity factors for Mo and Al in a heterogeneous sediment sample. The complete Mo/Al LA series was first divided into intervals of equivalent resolution to the discrete samples, and a mean value was calculated for each interval and plotted alongside the discrete sample data (Fig. DR3A ). These mean, or 'bin' values were then regressed against the discrete sample data (Fig. DR3B) . The resulting regression equation (e.g., Eq. DR2 for the MCA2 interval) was used to correct the Mo/Al LA series and its binned means to Mo/Al corr. (Fig. DR3C ). These data correspond to those reported in Fig. 3 After both stages of the calibration procedure, the binned means of the raw LA-ICP-MS Mo/Al data show a good match with the discrete-sample Mo/Al data for the corresponding intervals ( Fig. DR3C and Fig. 3 of main article). This is especially true for MCA2, for which two halves of the same gravity core were used in the respective analyses. More scatter is observed between the LA-ICP-MS and discrete sample Mo/Al profiles of the modern hypoxic event, which derive from parallel multi-core sub-cores (Fig. 3b of main article).
Chronology for modern hypoxic event at BY15
The multi-core sub-core from site BY15 was initially dated by 210 Pb chronometry using a Constant Rate of Supply (CRS) algorithm. The CRS model is sensitive to various sources of error, including measurement precision and accuracy, variability in the flux of 210 Pb to the sediments, and the estimated value of background (supported) 210 Pb activity. Of these, uncertainty in the supported 210 Pb activity generates the largest potential error in the age model. The 210 Pb decay curve of BY15 appears to reach the supported background between ~15 cm and ~20 cm depth, although non-stable activity deeper in the core hampers precise identification of the intercept (Fig. DR4) . We generated two possible CRS age vs. depth scales for BY15, assuming supported 210 Pb activities of 113 mBq/g and 137 mBq/g, respectively (Fig. DR4 ). Using these as end-member scales, we tuned the age model by matching four peaks in the LA-ICP-MS-derived Mo/Al corr. profile to minima in the bottomwater O 2 time series from BY15 (Figs. DR4, DR5). The tuning relies on the assumption that the timing of maximum Mo uptake in the sediments coincides with minimum O 2 (hence maximum H 2 S) concentrations. We consider this assumption valid on the basis of the sharplydefined Mo/Al peaks in our LA-ICP-MS data (implying a rapid response of sedimentary Mo uptake to redox changes close to the sediment-water interface), and the demonstrated absence of reservoir effects in the Mo/Al signal (see main article). However, due to the non-linear relationship between [H 2 S] and Mo/Al, we plotted Mo/Al on a logarithmic scale for the purposes of the tuning (Fig DR5) . Linear interpolation was applied between the four tuning points. 
SUPPLEMENTARY DISCUSSION

Relative intensity of hypoxic events at LL19 and F80
Although hypoxic events can be easily correlated between the two studied sites, Mo/Al, C org and C org /P tot are consistently more elevated at F80 than at LL19 (Fig. 2 of main article). The relative intensity of hypoxia at different deep basin sites in the Baltic Sea is a function of the local ventilation rate and the organic matter flux to the seafloor. The Fårö Deep lies 'upstream' of the Northern Gotland basin with respect to major Baltic inflow events ( Fig. 1 of main article) , implying that the former sub-basin was generally more frequently ventilated throughout the Holocene (Leppäranta and Myrberg, 2009 ). However, the bathymetry of the Fårö Deep is complex and F80 itself is located within a highly localized bathymetric depression, which may act both as a trap for laterally transported organic matter and as a barrier to ventilation. Due to the hydrographic isolation of F80 with respect to LL19, the bottom waters at this site are consistently more sulfidic today (Gustafsson and Medina, 2011) . This slight contrast in hypoxia intensity is reflected in the modern core-top Mo/Al values of 0.004 (LL19) and 0.005 (F80), and has apparently existed throughout the Holocene.
Non-linearity between Mo/Al and bottom water H 2 S concentrations
The broad-scale evolution of Mo/Al at BY15 since 1950 shows a non-linear relationship to bottom-water H 2 S concentrations (Fig. 3 of main (Fig. 3b of main article) . We interpret both these non-linearities as a consequence of the H 2 S inventory which accumulates in the upper sediments after the onset of a hypoxic event, due to the ongoing breakdown of organic matter. As a hypoxic event evolves, [H 2 S] in the uppersediment porewaters is expected to increase, and to remain partly buffered from ventilationinduced changes in [H 2 S] in the overlying bottom waters. Hence, even during brief intervals of oxic bottom-waters, porewaters within organic-rich aggregates close to the sediment-water interface remain sulfidic, allowing continuous sediment Mo enrichment during intense hypoxic events.
Sedimentation rate and organic matter accumulation
Many of the onset and termination transitions of past hypoxic events are sufficiently short-lived to occur entirely between PSV/Pb dating features (Fig. DR1) . Hence, the 'rate of change in Mo/Al' calculations for some of the transitions shown in Fig. 2 of the main article assume that no change in sedimentation rate occurs as a hypoxic event intensifies or declines. However, hypoxic events are characterized by enhanced fluxes of organic matter and other biogenic phases to the sediments (resulting in higher LOI and C org contents), which may be expected to increase sedimentation rate should all other sediment fluxes remain unchanged.
To assess the possible influence of variable organic and biogenic matter fluxes on sedimentation rate, we plotted the sedimentation rate between each PSV/Pb feature against the mean LOI of the corresponding interval in the reference core 372740-3. The results show that no significant correlation exists between the two parameters (Fig. DR6) , implying no systematic influence of organic and biogenic fluxes on sedimentation rate. Although sedimentation rate variability between PSV/Pb dating features cannot be ruled out, the mean sedimentation rate between each feature would have to underestimate the true rate during past hypoxic event onsets by a factor 5 for the 'rate of change in Mo/Al' estimates to resemble that of the modern event onset at LL19 (Fig. 2 of main article) . Since mean sedimentation rate varies by only a factor 2 throughout the PSV/Pb-dated interval (Fig. DR1) , this scenario appears highly unlikely. (Fig. DR1) .
Comparison between C org /P tot and Mo/Al proxies for hypoxia intensity
The two proxies used to reconstruct hypoxia intensity, C org /P tot and Mo/Al, co-vary throughout the Holocene as shown in Fig. 2 of the main article. The positive correlation between C org /P tot and Mo/Al is confirmed by a cross-plot of the two parameters (Fig. DR7) . The correlation is strongest for samples of C org /P tot >100. For samples of C org /P tot <100, the correlation is weaker and the gradient is shallower. The weaker correlation of these samples may be related to the more detectable influence of variable rates of phosphate mineral authigenesis on P tot at lower C org contents (Jilbert and Slomp, 2013) , while the change in gradient may be related to the non-linear response of Mo uptake into sediments in response to increasing H 2 S concentrations (the so-called 'sulfide-switch', Helz et al., 1996) . 
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